Objectives: A clear knowledge of the location of the maxillo-facial foramina is essential for clinicians while performing endoscopic surgeries and regional nerve blocks. In the present study, a detailed analysis of the supraorbital foramen (SOF) and supraorbital notch (SON) of South Indian skulls is reported and the data are compared with those from other races and regions. Methods: Anatomical variation of SOF/SON was studied in 83 adult human skulls bilaterally, using "travelling Vernier's microscope". The skulls belonged to the cadavers of South Indian origin. The parameters used were distanced between the SON/ SOF and the nasal midline; distance between the SON/SOF and the frontozygomatic suture (FZS); shape and height of the SOF; transverse diameter of the SON; the presence of accessory foramina (ACF) and their number; as well as the location and distance from the main SON/SOF. Results: SON was more frequently found than the SOF. The mean distance of SON/SOF to the nasal midline was 22.24 mm on the right side and 22.2 mm on the left side. The mean distance of SON/SOF to the frontozygomatic suture was 29.34 mm on the right side and 28.7 mm on the left side. While the mean height of SOF was 3.5 mm on the right side and 3.04 mm on the left side. Also, the mean transverse diameter of SON was 5.17 mm on the right side and 5.58 mm on the left side. The accessory supraorbital foramina were observed in 66.25% of cases. Conclusion: There is a difference in the position and dimensions of SOF /SON between different races and people of different regions. Anatomical knowledge of SON /SOF is important in facilitating local anesthetic, forehead lifting, blepharoplasty and other craniofacial surgical procedures.
Introduction
The supraorbital nerve is one of the main cutaneous nerves supplying the forehead and scalp region. It exits through its foramen to innervate the skin and may be injured during various surgical and anesthetic procedures. 1 The supraorbital nerve blocks are commonly performed in the region of supraorbital foramen during procedures such as closure of facial wounds, biopsies, and scar revisions, as absolute but temporary treatment for supraorbital neuralgia and other cosmetic cutaneous procedures. Effective and precise analgesia can be achieved only if one is aware of the most frequent location of exit of the nerve in this region. 1, 2 Knowledge of the location of this nerve is also essential during various endoscopic procedures, which are increasingly being used for cosmetic facial surgery. 3, 4 Excessive dissection and retraction close to such neurovascular bundles can cause scarring, which may lead to entrapment neuropathies and painful neuralgias. 5, 6 Clinicians must be aware of the exact position of SOF / SON while diagnosing conditions like supraorbital neuralgia, as it is normally characterized by forehead pain and tenderness over the SON/SOF. 7 In this study, measurements were made on cadaveric dry skulls from South India to determine the location and dimensions of the supraorbital notch (SON) or the supraorbital foramen (SOF). Data obtained were compared with those from other races and regions. The data may be useful to anesthetists and surgeons for providing appropriate nerve blocks and planning the surgical flaps.
Methods
Eighty-three dry adult human skulls of unknown gender were used for the study. The skulls were collected from the Department of Anatomy, Melaka Manipal Medical College, Manipal, and from the Departments of Anatomy and Forensic Medicine, Kasturba Medical College, Manipal. The study was conducted between June 2009 and March 2011, and approval was obtained from the Institutional ethical committee before study commencement.
The skulls were measured bilaterally using "travelling Vernier's microscope" precision-10 µ, Sisco, New Delhi, India. In this study, the parameters studied were distance between the SOF or SON and the nasal midline, distance between the SOF or SON and the frontozygomatic suture, (Fig. 1) ; height of the supraorbital foramen that is vertical distance between the lowest point along the lower margin of the SOF and supra orbital margin; transverse diameter of supraorbital notch that is transverse distance between the lower ends of medial and lateral margins of the SON; the presence of accessory foramina, their number, location and distance from the main SON/SOF.
Figure 1:
The measurements of the supraorbital notch/ foramen, in relation to important anatomical/surgical landmarks. "1" indicates the distance from supraorbital notch/foramen to nasal midline and "2" indicates the distance from the supraorbital notch/foramen to frontozygomatic suture. 
Results
The study of 83 adult skulls revealed that the SON (69.87%) was found more frequently than the SOF (28.91%). Of all the cases, 56.62% had bilateral SON, while 14.45% had bilateral SOF. Notches were mostly observed on the right side and foramina were mostly seen on the left side. The mean distance between the right and left SON/SOF and the nasal midline; mean distance between right and left SON/SOF and frontozygomatic sutures; mean height of right and left SOF; and the mean transverse diameter of right and left SON are shown in Table 1 . When these parameters were compared between the right and left sides, there was no statistically significant difference. accessory supraorbital foramina were seen medial, 28 (62.2%) were observed lateral and 13 (28.88%) were found superior to the main SON/SOF. On left side, 8 (20%) accessory supraorbital foramina were observed medial, 20 (40%) were located lateral and 12 (30%) were found superior to the main SON/SOF, (Fig. 2) . The mean distance of medial ASF from the main SOF/SON was 8.62±1.23 mm on the right side and 9.11±1.78 mm on the left side. The mean distance of lateral ASF from the main SOF/SON was 8.75±0.74 mm on the right side and 7.07±0.53 mm on the left side. While the mean distance of superior ASF from the main SOF/SON was 3.3±0.41 mm on the right side and 3.08±0.22 mm on the left side. (Fig. 3) 
Discussion
Normally, the supraorbital notch (SON) or supraorbital foramen (SOF) is situated along the supraorbital margin, which is entirely formed by the frontal bone. The supraorbital margin is interrupted at the junction of its sharp lateral two-thirds and rounded medial one-third by the supraorbital notch or foramen. Supraorbital notch or foramen transmits supraorbital nerve and vessels. Supraorbital nerve is the larger terminal branch of the frontal nerve, which is a branch of ophthalmic division of trigeminal nerve and it traverses through the SON/SOF and divides into medial and lateral branches to supply the palpebral filaments to the upper eyelid, conjunctiva and skin of the scalp as far back as the lambdoid suture. Supraorbital artery is a branch from the ophthalmic artery which in turn is from the internal carotid artery. It leaves the orbit through the SON/SOF, divides into superficial and deep branches to supply the skin and muscles of the upper eyelid, forehead and scalp. The supraorbital vein unites with the supratrochlear vein near the medial angle of the eye to form the facial vein. 8 The SON or SOF is considered to be reliably constant in their location. However, cosmetic surgeons are generally reluctant to perform brow lifts and other open, as well as endoscopic surgical procedures in this region for fear of injuring the supraorbital nerve and subsequent sensory loss. 1, 9, 10 In our study, the SOF/SON measuring approximately 22 mm was observed from the midline, similar with the observations reported in other studies, where the distance between the SOF/SON and the midline was 20-30 mm. 10, 11 It is interesting to note that in one of the studies conducted on North Indian skulls; the average distance between the SOF/ SON and the midline was 24 mm, which is slightly higher than the current observation. However, a much longer (29 mm) distance between the SOF and midline was observed in a study conducted on a Korean population, 7 ( Table 2 ). There are reports of gender difference in the location of SOF and is considered to be of forensic importance. It has also been observed that the left supraorbital foramen is situated closer to the midline in females compared with males. 12, 20 The mean distance between the SOF/SON and the frontozygomatic suture was 29.34 mm on the right side and 28.7 mm on left side. Though most of the previous studies have measured the SOF/SON from the nasal midline; it can be difficult to accurately locate on the skin during surgery. Hence, measuring the distance between the SOF/SON and the frontozygomatic suture is considered to be a more reliable parameter, which was used in the current study. This parameter is easily measurable compared to the parameter used in many previous studies, namely; the distance between the SOF/SON and temporal crest. The frontozygomatic suture is easily palpable on the skin at a notch along the lateral orbital margin at the level of the lateral end of palpebral fissure. 21, 22 Hence, it becomes convenient for the surgeons to locate the SOF/SON from this point (frontozygomatic suture) compared to the temporal crest, which is not a point but rather a relatively elongated landmark. Few reports are available on the distance between the frontozygomatic suture and the SOF where the distance is reported to be less than the distance reported in the present study. 14, 15 Only a few available reports focus on the height and transverse diameter of SOF/SON. In the current study, we found that the mean height of SOF from the supraorbital margin was 3.5 mm on the right side and 3 mm on the left side; while the mean transverse diameter of SON was 5.17 mm on the right side and 5.58 mm on the left side. Gupta reported only the width of the SOF/SON in her study, which was 4.8 mm on the right side and 4.5 mm on the left side; which is approximately 1 mm less than the current observations. 1 A study on Thai skulls has also revealed similar results, where they observed the SOF to be 2.81 mm and the SON 4.31 mm wide. 11 Webster et al. have reported the height of SOF as 2.02 mm, width of the SON as 5.7 mm and the width of the SOF as 3.78 mm, 16 ( Table 2 ). The size of the SOF/SON may reflect the thickness of the supraorbital nerve and the caliber of the supraorbital vessels. It has been observed that the supraorbital notches which were less than 5 mm in width showed at least one accessory foramen indicating the early division of the supraorbital nerve and their exit through the accessory foramina.
There is a wide range of reports available regarding the frequency of the supraorbital foramen and supraorbital notch. Generally, the notches are considered to be more frequent than the foramina. 23 In the present study, the SON was observed in 69.87% of cases and the SOF was observed in 28.91% of cases. A study conducted on Indian skulls also showed similar results where SON were more frequent compared to the SOF. 16 Similarly, an earlier study conducted by Berry and Berry also reported markedly low frequency of SOF (12.3%) in North Indian skulls. 17 However, a recent study conducted on a North-West Indian population has revealed a much balanced frequency of SOF and SON, which was 45.6% of SOF and 54.4% of SON. 1 An almost equal ratio of SOF (41%) and SON (49%) was observed by Kazkayasi et al. 18 They also found 10% of cases with the groove. The frequency of SOF was reported to be more in North East Asians and North American populations from an arctic region than the other populations. 11, 24 In another cross racial study, the frequency of SOF ranged from 8% to 51% depending upon the study population; it was lowest in a Burmese population and highest in Mexican populations. 25 Among the available reports, the highest frequency (92.5%) of SON was observed by Cutright et al. in a study conducted on 40 black and 40 white cadaveric heads. 3 An observation similar to the present study was made by Chung et al. in a study conducted on 124 Korean skulls, where they reported 69.9% cases of SON and 28.9% cases of SOF. 19 According to Cheng et al. the supraorbital neurovascular bundle is relatively fixed in position in the supraorbital foramen, 11 (Table 2) . Hence, the neurovascular bundle is in great danger during surgical dissection; since during retraction, it is more likely to be stretched. Surgeons must take additional precautions during the reflection of scalp flaps in populations with a higher incidence of supraorbital foramina. It is evident by these reports that while performing forehead, coronal, brow or temple lift surgeries; palpating SON alone is not sufficient in locating the supraorbital neurovascular bundle. Therefore, surgeons should also be aware of the frequency of occurrence of SOF and their location well above the supraorbital margin. 16 The occurrence of accessory supraorbital foramina is very common and is well documented. In our study, small additional openings medial, superior and lateral to the SOF/SON were observed in 66.25% of cases. This is relatively on the high side, compared to that of North West Indian population which was approximately 14%.
1 Among other reports, Saylam et al. have found them in 21.2% of cases and Berry observed them in 50% of cases. 4, 25 As far as location of these accessory foramina is concerned, a majority of them (62.22% on the right side and 50% on left side) were found lateral to the SOF/SON. A similar observation was made by Gupta, who observed 84.6% of them lateral to the SOF/SON. 1 However, Saylam et al. and Cheng et al. have observed most of the accessory foramina medial to the SOF/ SON. 4, 11 The accessory foramina transmit the minor twigs of the supraorbital nerve which arise within the orbit and are responsible for incomplete analgesia following the injection at the SOF/SON.
The accurate anatomical location of SOF/SON is vital for both diagnostic and surgical procedures in this region. In recent years, the forehead, coronal, temple, brow lifting (blepharoplasty) and endoscopic procedures have gained impetus as substantial components of management of the aging face. Proper knowledge of forehead anatomy, especially of the supraorbital region is essential for those performing such cosmetic surgeries. 16 The injury of supraorbital vessels and nerve may lead to complications such as: hematoma formation in the subgaleal plane; anesthesia or hypoesthesia of the forehead; and ischemia or necrosis of parts of the forehead flap and hair loss. 16 Thorough knowledge of the SOF/ SON and supraorbital neurovascular bundle is also important during procedures involving the superior orbital wall such as: frontal sinus obliteration; orbital decompression; botox injections; and exploration for the fractures and orbital exenteration. During these procedures, the SOF/SON are used as the reference points for the measurements of the superior orbital wall as they are found constantly close to the superior orbital margin. 26 Irritation, entrapment and/or compression of the supraorbital nerve have been considered as frontal triggers of migraine headaches. 27, 28 Corrugator supercilii muscle resection is considered in such patients. Additionally, during corrugator resection; proper knowledge of anatomy of point of bony origin of the supraorbital nerve, its course and branches is vital for the surgeons. 29 
Conclusion
Overall, it can be stated that the position of the SOF/SON is not constant and it varies between different races and people of different regions. SON is observed more frequently compared to the SOF, though there is a slight difference in the frequency rate among the studies conducted in different regions and race groups. The occurrence of accessory supraorbital foramina is very common and is more frequently seen lateral to the main SOF/SON. Because of these variations of the exit point(s) of the supraorbital nerve and its branches; all the surgical procedures involving the supraorbital rim and adjoining areas have to be performed very carefully with the awareness of probable variations.
